[1] We describe the Library of Experimental Phase Relations (LEPR), which is a new Web-based database of experiments pertaining to magmatic phase equilibria. The database includes information from experiments related to natural or near-natural magmatic silicate phase equilibria. At present, the database includes more than 6,600 experiments with liquids ranging in composition from komatiite to rhyolite performed at temperatures between 500 and 2500°C and at pressures up to 27.5 GPa. Here we describe the organization of data and metadata that are included in the database as well as the database structure and the implementation of its Web interface. We discuss a number of challenges and considerations related to construction of a database of experimental data that influence both the selection and presentation of the information incorporated in LEPR. Finally, we survey durations of experiments in LEPR and discuss the relationship between duration and the probability of crystal-liquid equilibrium in petrologic experiments.
Introduction
[2] In the past 40 years, experimental petrologists have collected large amounts of data pertaining to igneous phase equilibria. These data have been applied to a wide range of Earth and planetary science problems in the fields of petrology, geochemistry, geophysics, and tectonics. In many cases, these experimental data have found applications far beyond those that the original practitioners considered. For example, a study of partial melting of peridotite, applied originally to aid understanding of the origin of mid-ocean ridge basalts [e.g., Hirose and Kushiro, 1993] , may later be applied to the petrology of an array of other lithologies [e.g., Francis et al., 1999; Mirnejad and Bell, 2006] and also may be of relevance to mantle trace element and isotopic evolution [e.g., Salters, 1996; Stracke et al., 2003; Huang et al., 2007] as well as to mantle flow, melt migration [e.g., Hart, 1993] and the seismological structure of the mantle and crust [e.g., Kelemen and Holbrook, 1995] . The same data may also be applied to calibration of empirical or theoretically based models of mantle melting, igneous phase equilibria, geothermometry, barometry and so forth or may be incorporated into parameterizations of petrologic phase relations [e.g., Hirschmann, 2000; Sugawara, 2000; Katz et al., 2003] . In many cases, the values of the data are increased when they can be compared to other experimental data or to compositions of natural rocks, glasses, or minerals. Therefore, experimental studies of mineral/melt phase equilibria have a collective impact that exceeds the specific problems addressed in the original studies, and hence they contribute to an overall understanding of the Earth and planetary sciences. As the quantity of such data increases and as the potential applications of the data proliferate, there is increasing need for practitioners to have ready access to large amounts of experimental data.
[3] In the Earth sciences there is expanding appreciation of the value of readily accessible online databases of experimental and analytical data [Staudigel et al., 2003] . In recent years, databases have been constructed or are being constructed to compile chemical compositions of rocks and sediments, including PetDB [Lehnert et al., 2000] , GEOROC [Schramm et al., 2006] , SedDB [Lehnert et al., 2007] , and NAVDAT [Carlson et al., 2001] , as well as magnetic rock and mineral properties (MAGIC [Koppers et al., 2005] ), geochronologic data (CHRONOS [Cox and Richard, 2005] ), and others. In many respects, these database efforts are modeled after the large databases of seismic data managed by IRIS [Ahern, 2003] , which have proved so important to geophysical studies. Collectively, the databases are an essential aspect of the relatively new endeavor known as Geoinformatics. Here we present a description of LEPR (Library of Experimental Phase Relations), an online database of experimentally determined igneous phase relations.
[4] The LEPR database is a descendant of earlier databases compiled for the purposes of calibration of thermodynamic models of magmatic silicate liquids [Ghiorso and Carmichael, 1980; Ghiorso et al., 1983 Ghiorso et al., , 2002 Ghiorso and Sack, 1995] . The original intended purpose for LEPR was to update the database for the latest version of MELTS, known as xMELTS [Ghiorso et al., 2007] . However, during the compiling of this database, we recognized the broader impact of a publicly available database for magmatic phase equilibria. Further, we recognized that database applications, such as calibration of thermodynamic or empirical models, would benefit from inclusion of analytical and experimental uncertainties and other metadata, including experimental duration or analytical technique, which allow users to evaluate data quality. Consequently, rather than simply add data to previously compiled compendia of phase relations used to calibrate past versions of MELTS, we returned to the original publications to compile LEPR.
[5] As mentioned above, LEPR is being used to calibrate the xMELTS thermodynamic model for calculation of igneous phase equilibria. But importantly, it is our hope that there may be a wide range of additional applications for LEPR. Public availability of LEPR may facilitate calibration of competing phase equilibria models, based on alternative thermodynamic formulations or on other empirical relations. Additionally LEPR may be used to do the following:
[6] 1. Calibrate thermometers and barometers applicable to igneous phase equilibria.
[7] 2. Calibrate models for partial melting of key lithologies, ranging from peridotite to amphibolite.
[8] 3. Calibrate models for igneous liquid lines of descent.
[9] 4. Compare rocks sampled in the field with experiments performed on similar bulk composition or with experiments that produced similarcomposition product phases.
[10] 5. Evaluate phase equilibria properties, such as conditions of multiple saturation or solidus locations, of rocks or glasses sampled in the field.
[11] 6. Plan new experimental studies and compare new experimental data to published experiments.
[12] In this note, we document the schema behind LEPR and describe the scope of the database in its present form. We also discuss some of the considerations in evaluating the quality of the database and some of the obstacles associated with constructing a faithful representation of igneous phase equilibria based on published experimental data.
Scope and Database Schema
[13] LEPR includes data from experiments documenting igneous phase equilibria of natural silicate rocks and of compositions with chemical complexity similar to that of natural silicate rocks. Experimental studies in simple systems, such as CaOMgO-Al 2 O 3 -SiO 2 (CMAS) are not included at this time. Inclusion of such data is desirable, but incorporation of the extensive body of experiments on CMAS would require a considerable effort. Experimental studies conducted chiefly at subsolidus conditions are not included.
[14] Entries of each experiment in the database include both experimental data and metadata, which is information about experimental methodologies. Data are entered as recorded in published papers and therefore not all data are available for all experiments. For example, some studies focused only on the identity of phases present as a function of temperature or pressure and report little or no data on the phase compositions. In some cases, the database includes some derivative information, which is information about experimental conditions or products that is inferred and not measured directly.
Experimental Data
[15] Experimental data incorporated into LEPR include the composition of starting materials, the temperature and pressure of the experiments, the identity of the phases present at the end of the experiments and the compositions of those phases. In some cases, mass fractions of phases present in an experiment, measured directly by image analysis or point counting, are also reported. Additionally, the uncertainties in all of these quantities are included, as reported by the original authors. When experimental oxygen fugacities have been controlled by gas mixing at one atmosphere, they are also included. The primary data fields included in LEPR are summarized in Table 1 .
Metadata
[16] The metadata included in LEPR are summarized in Table 2 . They include the laboratory where the experiments were performed and the names of the authors and the full citation of the paper from which the data were published. Also included are the type of experimental apparatus used for the experiment, such as a piston cylinder apparatus or cold-seal pressure vessel, the experimental container, the duration of the experiment, and the analytical techniques used to determine phase compositions. A controlled vocabulary for description of LEPR metadata is provided in Tables 3, 4 , 5, and 6.
Derivative Information
[17] Derivative information are quantitative inferences about the experiments that are not actually measured from the experiments, but which have been inferred indirectly. In some experiments, these may include the oxygen fugacity prevailing during the experiment, the proportions of phases present at the end of the experiment, and the volatile concentrations of liquids quenched from the experiments.
[18] In some experiments, the oxygen fugacity was not strictly controlled with a gas mixture, but the experimental conditions place constraints on the prevailing f O2 . For example, experiments conducted in double capsules with a buffering assemblage such as quartz, fayalite, and magnetite or Ni and NiO. Conversion of these buffers to oxygen fugacity at a particular temperature and pressure requires a calculation based on published thermodynamic data, as summarized in Table 7 . Similarly, high-pressure experiments conducted in graphite capsules must reside at or below the oxygen fugacity defined by CCO, which is equilibrium between graphite and coexisting CO-CO 2 vapor. In LEPR, such experiments are assumed to reside at CCO (Table 7) , though in fact they are likely to be more reduced [Holloway et al., 1992] .
[19] Experiments conducted in the presence of volatiles can cause special problems for recording and interpreting quenched liquid compositions. In some cases, volatile concentrations have been measured directly by FTIR, SIMS, or other methods, in which case, they are reported as data. In other cases, volatile concentrations have not been measured directly, but the experiments are known to be or assumed to be saturated with an H 2 O or CO 2 vapor. In these cases, dissolved volatile concentrations can be calculated by assuming that the solubility is known at the temperature and pressure and melt composition, although this potentiality is not implemented in LEPR at this time. On the other hand, experiments conducted in the presence of mixed H 2 O-CO 2 volatiles may be even more problematic, as the initial volatiles introduced during the experiment partition differentially between the vapor, the silicate melt, and/or other possible phases. Consequently, the composition of the equilibrium vapor may not be known and it is correspondingly more difficult to estimate volatile concentrations in the melt. Finally, in some volatile-bearing experiments that are not vapor-saturated, the only constraint on volatile concentrations in the liquid comes from microprobe totals. In these cases, we may use the deficits from 100% of those microprobe totals as an estimate of the concentration of dissolved volatiles, but the estimate is quite uncertain.
[20] Many studies report mass fractions of phases present during experiments that have been calculated on the basis of mass balance between the bulk composition of the experiment and the compositions of the analyzed phases. When such proportions have been calculated by the authors, they are included in LEPR. On the other hand, when mass balances have not been reported, they are not recorded, though they potentially may be calculated by interested users from reported bulk proportions and phase compositions.
[21] Studies documenting the solubility of volatiles such as H 2 O or CO 2 generally report the composition of the starting material, such as a basalt or rhyolitic glass, but apart from measured volatile concentrations, these studies commonly do not report the composition of the glass quenched from each experiment. In such cases, we have inferred that the glass composition is similar to that of the starting material, except that it also contains the volatile component reported from each experiment.
Comment on Equilibrium, Data
Quality, and Database Accuracy
[22] Importantly, not all experiments attempting to document igneous phase relations achieve equilibrium. Experimental durations of published experiments are not always sufficient to allow phases to come to equilibrium. Further, some experiments are subject to open-system processes such as reaction with containers or loss of volatiles from containers. Thus, experiments that are performed on a nominally volatile-free basis may nonetheless contain unquantified amounts of unexpected H 2 O, CO 2 and other volatile species [Gaetani and Grove, 1998; Medard et al., 2008] . Although many studies present compelling evidence indicating that experiments have approached equilibrium, most experimental igneous phase relation studies are not reversed, meaning that evaluation of equilibrium criteria are commonly subjective. Rather than assuming whether particular experiments have achieved equilibrium, we have reserved judgment about equilibrium or data quality during compilation of LEPR. Rather, the metadata included in LEPR, such as experimental durations, container type and so forth, may allow users to make such judgments. Inclusion of data from a particular paper in LEPR does not indicate that the authors of this paper have made any judgment regarding a T in K, P in bars. Pressure terms (C = DV/(Rln(10))) are from Chou [1987] and are based on 0.1 MPa molar volume data of solids compiled by Robie et al. [1979] . 2007GC001894 the quality of experiments in LEPR. In many cases, full evaluation of data quality requires careful reading of the original published papers, and we urge users to evaluate for themselves published studies within LEPR.
Geochemistry Geophysics
[23] Finally, in all likelihood the LEPR database has errors. Some of these errors may derive from typographical or other types of errors in original publications. For example, we encountered literally hundreds of cases where the totals of microprobe analyses were markedly different (>0.3 wt.%) from tabulated totals. In such cases, we entered the original oxide values published in the tables unless clear errors in specific entries could be deduced. Other errors may have arisen owing to the myriad idiosyncratic formats in which experimental data are published, with key information in tables, table captions, online supplements, experimental methods and results text sections. Also, some data are occasionally corrected or revised in either published errata or in subsequent publications. This complexity naturally leads to some confusion during data entry, and may have lead to errors. Finally, it is likely that we made some data entry errors during compilation of LEPR. We encourage users who encounter errors to notify us and there is a link on the LEPR home page to facilitate this.
Database Description
[24] As of this writing (LEPR release 1.2.0, June 2007) LEPR contains experimental data extracted from 196 published studies, with work performed in 63 different laboratories. There are 6,663 distinct experiments tabulated, with major element compositional data on 4,262 liquids and a broad array of 9,612 additional phases as illustrated in Figure 1 . The database will continue to grow as more experimental data become available, and it is possible for experimentalists to submit their published data for inclusion in the database through templates available on the LEPR Web portal.
[25] The data are structured as a relational database with 105 tables. Figure 2 illustrates the mapping of (14); spn, spinel (739) and oxide (structural state not specified) (156); stis, stishovite (13); whit, whitlockite (62); zoi, zoisite (25). Other: armalcolite (2), unidentified Ca-Al-Si phase (5), Ca-perovskite (8), carbonate liquid (9), chevkinite (3), clay (1), coesite (1), corundum (4), cristobalite (1), epidote (4), ferrobustamite (1), ferropericlase (6), hollandite (4), montdorite (1), unidentified Na-K-Al-Si phase (3), sodalite (8), staurolite (5), sulfide (6), unidentified Ti-Si phase (1), titanite (7). the database schema onto the table structure. Every experimental entry is uniquely identified in the ''Experiment'' table and cross-linked to an entry in the ''Author'' and ''Laboratory'' tables. More than one laboratory can be associated with a given experiment. Compositional data for phases associated with a given experiment are tabulated in a pair of tables, labeled generically in Figure 2 as ''Phase'' and ''Phase Unc,'' but in practice given names like ''Olivine'' and ''Olivine_errors.'' A complete list of phase table names is provided at the LEPR Web portal (see below); phase tables are added as necessary to accommodate database updates. The table labeled ''log f O2 '' in Figure 2 contains primarily derived data (see above) related to oxygen fugacity constraints. A more detailed discussion of these derived quantities is provided in the figure legend. All of the entries labeled in blue in Figure 2 are arbitrary indices whose purpose is to bind the relational database structure. They are not data or metadata and generally of no interest to database users.
[26] There are three versions of the table containing compositions of experimental liquids in LEPR. The version that represents data as reported in the published literature is named ''Liquid.'' Two other versions, ''LiquidAnhy'' and ''LiquidHydr'' are derivative tables, in the sense discussed previously. Entries in all three tables are identical if the experiment associated with the liquid is volatile free. Because the conventions for reporting the compositions of volatile-bearing experimental liquids are not standardized (see above) the raw data (in the table Liquid) may be difficult to compare for volatile-bearing compositions. Consequently, we have prepared the table LiquidHydr to report the compositions of all volatile-bearing Table 2 . The controlled vocabularies associated with these metadata are provided in Tables 3, 4 , 5, 6, and 7. Labels for data are shown in black, and entries are defined in Table 1 . The ''derived values'' in the log 10 f O 2 table are computed from the numerical value or buffer constraint (Table 7) on the oxygen fugacity entered during compilation. The derived values are (1) a numerical value of the log 10 f O 2 constraint, (2) a minimum and (3) maximum log 10 f O 2 value, and (4) -(11), log 10 f O 2 buffer values for CCO, CuCuO (Cu-CuO), HM, IW, MMO (MnO-Mn 3 O 4 ), MW, NNO, and QFM (see Table 7 ). liquids in such a way that the sum of all oxides, including H 2 O and CO 2 , sums to the reported or inferred analytical total. By contrast, the table LiquidAnhy reports liquid compositions for volatile-bearing liquids to sum to 100% on a volatilefree basis, with volatile concentrations provided (if reported) in addition to this sum. The data in LiquidAnhy allows users to compare liquid oxide concentrations on a volatile-free basis. Users of LEPR can choose which of these derived liquid data tables to use for their inquiries. The default access corresponds to the table LiquidHydr.
[27] Experiments span a broad range of temperature-pressure space, as illustrated in Figure 3 . Reported experimental liquid compositions reflect an equally broad spectrum of compositions, with an expected concentration of results in mafic systems, principally basalts, but with excellent representation in highly silicic systems and more alkali-rich magma types (Figure 4) . In addition to experimental data on a wide range of liquids, LEPR documents experimental work on mineral solid solutions that exhibit extreme compositional variation. The data plotted from LEPR in Figure 5 is an illustration of this variability, where a simple MgO versus SiO 2 diagram is used to demonstrate compositional variation in tabulated olivines, pyroxenes, garnets and amphiboles and liquids.
Our point in presenting Figures 3-5 is only to demonstrate that LEPR is an excellent resource for investigating the systematic variation of the compositions of magmatic phases, and for evaluating hypotheses regarding compositional covariation in response to changes in intensive thermodynamic variables. Although the data in LEPR do not provide a comprehensive account of experimental relations in all igneous rocks, they comprise a thoroughly representative account of the experimental literature on igneous phase relations of natural systems. LEPR's deficiencies in coverage reflect those of the literature, which in turn reflect the complexities of conducting experiments and the scientific interests of the experimental community.
User Interface to LEPR
[28] LEPR is hosted as a mySQL relational database served at ofm-research.org. There are several methods of accessing and querying the LEPR database, including (1) a Web portal, (2) direct SQL queries to the open port on the database server, and (3) indirect SQL queries generated by third party software designed to provide a user interface to database inquiry (e.g., Microsoftk Office and CocoaMySQL). [29] The Web portal to LEPR has the URL http:// lepr.ofm-research.org. The portal permits a user to generate an account to access the database and offers a number of options for constructing queries to search LEPR, to download data subsets as Excel workbooks or XML files, and to plot LEPR data in a variety of formats. The initial portal page is illustrated in Figure 6 . At the most primitive level, the user can display all experiments performed at a particular laboratory, or all experiments from a particular literature reference. At a more advanced level, a user can restrict searches based upon criteria such as experimental technique and run duration, or can specify temperature and pressure ranges or the presence of certain phases in run products (including the compositions of those phases). A portion of the advanced search Web page is illustrated in Figure 7 . The advanced search options, which permit selection on the basis of both data and metadata, provide enormous flexibility in defining data subsets. Results of searches are displayed in either tabular form or graphically. In the tabular format results are organized in a summary table and links allow details of each experiment to be examined. Experiments can be selected from the summary table for download as Excel workbooks or XML text files. The Excel workbooks are organized with multiple worksheets mimicking the internal structure of the relational database, as described above. The XML-based download files follow a standardized schema, which is available for retrieval at the Web portal. Advanced search results can be displayed on simple X-Y graphs where the abscissa and ordinate are user selectable. These graphs may be downloaded in a variety of formats, including two bitmap (PNG, JPG) and two resolution independent (SVG, and PDF) versions.
[30] The Web portal allows users to access the most recent version of the database or previous releases; the former is the default. This feature permits users to lock the results of a LEPR query to a specific version (or time stamp) regardless of subsequent additions of new entries to LEPR. Consequently, publication of results derived from LEPR may be characterized by version number and query description with the knowledge that subsequent inquiries will generate identical data subsets.
[31] Alternative to the Web portal, LEPR may be accessed directly at port 3306 at http://www.ofmresearch.org. The database can be interrogated on this open port using SQL queries produced from third party interface software, like CocoaMySQL or MySQL Query Browser or from user written software that rely on open source database drivers that are packed with the MySQL distribution. Commonly, software for this purpose is written in C, C++ or Java. Access is restricted to users with established LEPR user accounts, previously created at the Web portal.
[32] Finally, LEPR may be queried from Microsoftk Office (usually from Excel) running on Windows XP and Vista Intel platforms. Results of queries to LEPR may be displayed directly and manipulated in Excel workbooks. In principle, a graphical user interface to LEPR could be developed in the context of an Excel portal. Further documentation on this mode of database access may be obtained at the Microsoftk Office Web site.
Discussion

Included and Excluded Metadata
[33] Construction of LEPR required certain choices regarding the metadata from each experiment that should and should not be included. The guiding philosophy in designing LEPR was to include sufficient information to allow users to evaluate the quality and applicability of data without making collation intractable. Not all of these choices were straightforward and reasonable practitioners could have adopted different strategies. Experiments pertaining to magmatic phase equilibria are conducted for a wide range of motivations, methodologies, and with a diversity of experimental philosophies. They are also published in different journals that provide different opportunities to include methodological detail. The result is a diverse literature that is rife with idiosyncrasies and no database can hope to capture all of the important facts required to evaluate the applicability of all experiments. Such evaluation will always require reading the original published literature.
[34] There are a number of metadata not incorporated in LEPR that merit some additional discussion. For example, there are no pressure calibration data and we have not compiled the type of thermocouple employed for the experiment. Such information might better allow users to account for experimental differences resulting from interlaboratory inconsistencies in the methods of temperature and pressure estimates. On the other hand, the laboratory location for each experiment is recorded, which may facilitate consideration of any such inconsistencies.
[35] Additionally, LEPR does not include metadata on the type of starting material employed. Some experiments are conducted with powders of natural rock materials, whereas others are conducted with glasses, gels, mixtures of oxides, mixtures of natural minerals, or some combination of these. Experimental results and/or times required to achieve equilibrium may vary accordingly. Also, some experiments may be conceived to investigate reaction between minerals and melts or between rocks and melts, and these experiments result in partial or local equilibration being achieved only in certain regions of the charge. In general, it has been difficult to incorporate such experiments in the LEPR schema; in some cases they are not included, in others they are entered in such a fashion that the data may potentially reflect equilibrium assemblages. Further, LEPR does not specify when experiments begin with compositionally heterogeneous sample geometries, including the so-called sandwich configuration [Stolper, 1980] . Neither can LEPR provide spatial information about phase occurrences in capsules, as is especially important for experiments conducted in strong temperature gradients [Zhang and Herzberg, 1994] . Finally, LEPR does not incorporate information when experiments were conducted under variable temperature conditions; i.e., in some cases experiments are ''reversed,'' with temperature held above or below the temperature of interest for a period of time, and then a cooling or heating step leads to a dwell at the target temperature [Baker and Stolper, 1994] . In LEPR, only the temperature and duration of the final equilibration step are recorded.
Applications of Metadata: Attainment of Equilibrium
[36] One of the features of the LEPR database is that it allows exploration of the variety of experimental procedures prevailing in the experimental petrology community. An important aspect of an experimental protocol is the duration of heating. For those experiments seeking to document magmatic phase equilibria, the experimental duration should be sufficient to achieve equilibrium between the minerals and the melt.
[37] In many individual studies, experimental time series are conducted to establish the time required for experiments to achieve steady state, which may be an indication of approach to equilibrium. More broadly, experimental durations may be selected for a host of other reasons. For example, steady temperature and pressure conditions cannot be maintained indefinitely in many experimental devices. Also, thermocouples may oxidize or otherwise change their characteristics during long duration experiments, leading to temperature drift in solidmedia apparatuses. Additionally, open-system effects may arise during long experiments owing to reaction with containers, volatile loss through containers or exhaustion of volatile or oxygen fugacity buffers. In some cases, experimental durations may be too short to permit mineral/melt equilibration.
[38] As illustrated in Figure 8 , durations of mineral/silicate liquid experiments vary by more than 2 orders of magnitude at a given temperature. Depending on the object of the experiment and on the dimensions of the crystals present, as well as on the details of the chemical composition of the experimental charge, including the composition of the melt, and the presence or absence of volatiles, significantly different experimental run durations may be justifiable. However, the careful consumer of data in LEPR may wish to compare the durations of experiments of interest to those summarized in Figure 8 . When durations are on the shorter end of the span of times in Figure 8 , there is greater incentive to investigate whether the experiments achieved equilibrium. [Chakraborty, 1997] conditions. See text for discussion. [39] An interesting aspect of the body of experimental data is that virtually all experiments are short relative to characteristic equilibration times of the crystals typically present. In Figure 8 , experimental durations for experiments containing olivine and silicate liquid are compared to the characteristic diffusion time for Fe-Mg equilibration of 10 micron crystals (defined as x 2 /2D, where x is the characteristic crystal width and D is the diffusion coefficient for Fe-Mg interdiffusion) under dry conditions [Chakraborty, 1997] and at conditions of 300 MPa H 2 O pressure [Hier-Majumder et al., 2005] . Calculated equilibration times would be orders of magnitude longer for virtually any other major element component of common igneous minerals, such as Ca-Mg diffusion or Al diffusion in pyroxene or CaAl-NaSi diffusion in feldspar [Brady and Yund, 1983; Brady and McCallister, 1983; Grove et al., 1984; Sautter et al., 1988] .
[40] The short duration of many experiments compared to crystal equilibration times could suggest that a large number of experiments have been too brief to allow Fe-Mg equilibration of olivine crystals with melts and are far too brief to allow equilibration with the interiors of pyroxenes, feldspars, garnets, and other common igneous minerals. Fortunately, in many cases, the rate controlling process for establishing mineral/melt equilibrium is not lattice diffusion but the much more rapid diffusion in the liquid from which the crystal is growing [Kirkpatrick, 1981] . Also, though it is often not stated, many experimentalists analyze the edges of mineral grains that are directly in contact with the silicate melt. So, the entire grain may not be in equilibrium with the melt, but it is assumed that the outer few microns approach an equilibrium value. For partial melting studies employing natural rocks or minerals as starting materials, crystal-melt equilibration does occur in part by lattice diffusion, but is also promoted by more rapid dissolution-reprecipitation processes [Lo Cascio et al., 2004] . Thus, mineral-melt equilibrium may have been achieved in many magmatic phase equilibria experiments, but the short duration of experiments compared to some transport processes underlines the need for caution when planning and interpreting these studies.
Recommendations on Citing LEPR Query Results
[41] When citing data compilations generated from querying the LEPR database, it is our recommendation that the original experimental papers be referenced. Occasionally space considerations or editorial policy may limit this practice, but every effort should be made to credit primary sources. And, it should be borne in mind that references cited in electronic supplements are not properly credited citations to an author's work.
[42] We anticipate that the majority of LEPR users will utilize the UI portal and download an Excel workbook of data subsets. In addition to documenting the exact query specification (as well as LEPR version number), we recommend that these workbooks should be designated as electronic supplements to any publication resulting from analysis of these data.
